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Field of the Invention 

[0001] The invention relates to a solder for joining 
microelectromechanical components, to a microelectromechanical 
component formed using this solder, to a 

microelectromechanical device formed using this solder, and to 
a process for producing a component or device using this 
solder . 

Background of the Invention 

[0002] Laid-open specification DE 19 845 104 Al describes a 
process for producing a microelectromechanical device, namely 
a thermoelectric transducer, produced in various embodiments 
at wafer level. In some embodiments, the thermoelectric 
components are assembled from two substrate wafers, coated 
with the respective complementary n/p materials, to form a 
component . 

[0003] The microelectromechanical device (in this case a 
transducer) is composed of a plurality of components. It is 
then possible for further components (e.g. a laser diode) to 
be arranged on the component . 

[0004] During fabrication of the thermoelectric transducer, 
in the final process steps the two wafers have to be patterned 
and soldered with respect to one another. DE 198 45 104 Al 
gives a range of processes for doing this. The gold-tin 
system is given as a suitable solder which has to be capable 
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of being patterned for applications in device and/or component 
fabrication. This solder makes it possible to achieve a 
soldering temperature required for the component functionality 
of just above the eutectic temperature of 278°C. Gold- tin is 
used as the standard solder for a wide range of applications 
in electrical engineering, partly also on account of its 
relatively noble character (high gold content) . 
[0005] One drawback of the gold-tin solder material is that 
this material, for use in thin-film technologies, for example 
in the case of sputtered contacts, has to be produced as a 
special target having approximately the same overall 
composition as the eutectic alloy. It is known that the 
composition of multi component targets changes over the course 
of time as a result of preferential sputtering of different 
elements, and consequently the basic problem of a change in 
the composition of the sputtered thin film is ever present. 
[0006] A similar problem arises with thermal evaporation 
from a mixing source. A further significant drawback of this 
solder for the wafer/wafer bonding referred to above also 
results direct from the phase diagram of the gold- in system 
(cf. Figure 1). Starting at the eutectic containing 70 atomic 
% of gold, the temperature of the solidus curve rises 
considerably as the gold content increases. A possible 
increase in the gold content in the sputtered layer compared 
to the target would lead to a considerable rise in the 
soldering temperature required. This makes process 
optimization more difficult. 

[0007] Since the soldering operation has to be carried out 
at the lowest possible temperatures in order to protect the 
overall structure of the device, the soldering temperature 
must not greatly exceed the eutectic temperature of 278°C. 



2 



INFMN-021-1 (200250230 / IT510) 



Summary of the Invention 

[0008] The invention is therefore based on the object of 
providing a solder which does not have these features and in 
particular is easy to process and pattern. 

[0009] A eutectic mixture of gold and bismuth results in 
good patterning properties. Furthermore, bismuth can be used 
in element form, the element bismuth being nontoxic when 
handled in the customary way, and consequently there is no 
need of any of the safety labels required under German 
regulations. Furthermore, bismuth is known to be a noble 
element and is found in native form in nature. Also, bismuth 
is easy to process and etch in thin-film processes. The 
eutectic mixture of gold and bismuth even has a lower eutectic 
temperature than the known gold-tin solder material. The 
solder according to the invention can be successfully soldered 
to gold, which is ensured by the eutectic contact. The 
eutectic mixture of gold and bismuth is explained in more 
detail below. 

[0010] Furthermore, the invention is based on the object of 
providing a microelectromechanical component which can be 
soldered efficiently. 

[0011] The object is also achieved by a 

microelectromechanical component having at least one soldering 
layer for joining to at least one further component, with at 
least one soldering layer comprising a solder according to the 
invention. However, it is also possible for the component 
according to the invention to include a gold layer for 
producing a soldered joint with a bismuth layer, or a bismuth 
layer for producing a soldered joint with a gold layer. In 
both the latter cases, one component is provided with a first 
solder partner (e.g. gold), which is then joined by heating to 
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another component having the second solder partner (e.g. 
bismuth) , which is complementary to the first solder partner. 
[0012] The component advantageously includes soldering 
layers on opposite sides for joining to at least two further 
components. This allows compact overall structures to be 
produced. 

[0013] In an advantageous configuration, at least one 
soldering layer, prior to the soldering operation, has a layer 
thickness of from 100 nm to 10 Jim, in particular 1 to 2 |im. 
[0014] A further object of the invention is to provide a 
microelectromechanical device which can be assembled 
efficiently using soldered joints. 

[0015] This object is achieved by a microelectromechanical 
device in which a soldered joint according to the invention 
joins at least two components, of which at least one component 
has an electrical functionality, thermal functionality and/or 
bonding functionality. A device may even become a component 
of a further, more complex device. According to the 
invention, the components are joined at least partially using 
the soldered joint according to the invention. 
[0016] In this context, it is advantageous for at least one 
soldered joint to join together two substrates, each with 
thermoelectric material arranged thereon. This makes it easy 
to construct thermoelectric transducers or Peltier elements. 
[0017] It is advantageous for a soldered joint to join a 
component to a laser diode device. This makes it possible, 
for example, to use Peltier cooling elements to cool laser 
diodes . 

[0018] It is also advantageous if at least one soldered 
joint joins a component to a fluidic cell, an IDC structure as 
humidity sensor and/or a component with a heat sink. 
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Furthermore, it is advantageous if at least one soldered joint 
joins a component to an optoelectronic amplifier, an 
optoelectronic modulator, an LED, a photodiode, a 
phototransistor and/or an optocoupler. In all cases, it is 
possible to achieve very compact overall structures. 
[0019] In a further advantageous configuration, a joint is 
formed by means of submount technology using the solder 
associated with the present invention. The soldered joint 
contains at least a proportion of gold-bismuth. 
[0020] Finally, it is also an object of the present 
invention to provide a process for producing a 
microelectromechanical component or device. 

[0021] The object is also achieved by a process in which: 

a) bismuth, gold or a mixture of bismuth and gold is 
applied as first soldering partner to a first side of a 
soldered joint, and then 

b) to produce a eutectic soldered joint, the first 
solder partner is combined with a second, complementary solder 
partner comprising gold, bismuth or a mixture of gold and 
bismuth under the action of heat. 

[0022] Therefore, the solder partners may be pure metals 
(gold, bismuth) or mixtures of these pure metals. After 
cooling, the result is a soldered joint which completely or 
partially includes a eutectic compound of gold and bismuth. 
[0023] It is particularly advantageous if gold as second 
solder partner is applied to a second side of the soldered 
joint in a form which is complementary to bismuth as the first 
solder partner. It is also advantageous if the solder 
partners gold and bismuth are each applied to the sides of the 
soldered joint in a composition which is such that, after the 
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soldering operation, the concentration ratios are those of a 
gold-bismuth eutectic. 

[0024] It is advantageous for at least one layer of the 
soldered joint to be applied using a thin-film method, in 
particular a PVD process, such as evaporation coating, 
sputtering or molecular beam epitaxy. 

[0025] In a further advantageous configuration of the 
invention, at least one layer of the soldered joint is 
produced using a CVD process or by the application of a paste. 

[0026] It is also advantageous if the patterning of at 
least one layer of the soldered joint is performed by dry 
etching and/or wet etching. As an alternative or in addition, 
it is advantageous if the patterning of at least one soldering 
layer of the thin- film soldered joint is performed using a 
thin-film solder as part of a lift-off process. 

Brief Description of the Drawings 

[0027] The invention is explained in more detail below with 
reference to the figures of the drawings and on the basis of a 
number of exemplary embodiments. In the drawings: 
[0028] Figure 1 shows the phase diagram of the known gold- 
tin thin-film solder; 

[0029] Figure 2 shows the phase diagram of the gold-bismuth 
solder according to the invention; 

[0030] Figures 3A and 3B diagrammatically depict the 
production of a solderable bismuth thin film using an etching 
process; 

[0031] Figures 4A and 4B diagrammatically depict the 
production of a solderable bismuth thin film using a lift-off 
process; 
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[0032] Figure 5A shows an exemplary embodiment with a 
eutectic gold-bismuth thin-film soldered joint prior to the 
soldering operation; 

[0033] Figure 5B shows the gold-bismuth thin- film soldered 
joint of the exemplary embodiment shown in Fig. 5a after 
soldering; 

[0034] Figures 6A and 6B show an exemplary embodiment with 
a eutectic thin-film soldered joint in a 

microelectromechanical device with additional functional 
layers . 

[0035] Figure 7 shows an exemplary embodiment with a 
eutectic gold-bismuth thin- film solder with a device for laser 
cooling; 

[0036] Figure 8 shows an exemplary embodiment of a thin- 
film soldered joint according to the invention with a fluidic 
cell and/or an IDC structure; 

[0037] Figure 9 shows an exemplary embodiment for a thin- 
film soldered joint according to the invention with a heat 
sink. 

Description of a Preferred Exemplary Embodiment 
[003 8] Figure 1 illustrates a phase diagram for the binary 
gold-tin (AuSn) system, which is used as thin-film solder in 
the electronics industry. 

[0039] The eutectic at 30 atomic % tin, 70 atomic % Au 
(upper x axis) is of relevance to the present invention. 
[0040] Figure 2 shows a phase diagram for an embodiment of 
the thin-film solder according to the invention with a 
gold-bismuth (AuBi) system. The atomic percentages of bismuth 
are plotted on the lower x axis. This materials system has 
the required low eutectic temperature, namely 241°C at 
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approx. 87 atomic % of bismuth. The solidus curve rises only 
slowly, starting from the eutectic point, i.e. the temperature 
of the final melt is less sensitive to minor fluctuations in 
concentration. 

[0041] For the production of thin-film thermoelectric 
devices, as in DE 198 45 104 Al, the fabrication sequence 
described in that document is considerably simplified when a 
gold-bismuth system is used. The soldering partner bismuth, 
unlike the soldering partner gold-tin (cf. above), can readily 
be patterned. In this case, wet-chemical processes do not 
form any harmful reaction products. The soldering operation 
is simplified by the considerable uptake of gold in bismuth of 
20 atomic % at approximately 300°C, with the formation of the 
Au 2 Bi-Bi eutectic during cooling (cf. Figure 2). For the sake 
of simplicity, the Au 2 Bi-Bi eutectic is also referred to as the 
gold-bismuth eutectic. 

[0042] Starting with gold, the layer sequence gold, Au 2 Bi as 
primary precipitation, gold-bismuth eutectic, bismuth can be 
expected. 

[0043] The shallow solidus curve in the vicinity of the 
eutectic furthermore results in a certain freedom in the 
design of the process used for soldering. 

[0044] Possible applications of the thin- film solder 
according to the invention are also explained in the exemplary 
embodiments which follow. These first of all describe 
patterning of bismuth layers (Figures 3 and 4) , which are then 
joined to gold layers to form embodiments of the thin- film 
soldered joints according to the invention (Figures 5 to 9) . 

[0045] Figures 3 and 4 only describe the production of a 
bismuth layer 1 on a substrate 10, the bismuth layer 1 then 
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being soldered to a gold layer (not shown in Figures 3 and 4) 
on another substrate. 

[0046] The soldering operation results in the formation of 
a gold-bismuth thin-film soldered joint 30, as illustrated in 
Figure 5. An embodiment of this type can be used in 
particular for a sandwich joint between two parts of a 
thermoelectric device, as described in DE 198 45 104 Al . 
[0047] Patterned, solderable bismuth layers 1 in the 
embodiments illustrated here are produced using the standard 
methods of thin- film technology. The solder according to the 
invention, the components and devices according to the 
invention and the process according to the invention are not, 
however, restricted to thin-film processes. 
[0048] Figure 3A illustrates a substrate 10 for a 
microelectromechanical device, to which a bismuth layer 1 has 
been applied. This bismuth layer 1 is patterned by means of a 
photoresist layer 2 in a customary way, e.g. by dry etching or 
wet -chemical etching . 

[0049] Figure 3B shows the result after etching, namely a 
patterned bismuth layer 1 on the substrate 10. The 
photoresist layer 2 has already been removed. 
[0050] In a similar way, it is possible to produce a gold 
layer on another substrate (not shown here) , which gold layer 
is then able, by corresponding with the bismuth layer 1, to 
form a gold-bismuth thin-film soldered joint 30 in accordance 
with the invention. This is illustrated in Figure 5. 
[0051] The thicknesses of the two material layers (gold, 
bismuth) are in the range between a few hundred nm and 10 Jim, 
preferably around 1-2 jxm. 

[0052] The materials used for the auxiliary process 
engineering layers for etching or lift-off depend, in terms of 
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their nature and layer thickness, on the requirements of the 
soldering materials and on the patterning technology used. 
Gold and bismuth can preferably be used for the two soldering 
partners, and photo resist can preferably be used for both the 
etching technologies mentioned. 

[0053] Figures 4A and 4B diagrammatical ly depict the 
production of one embodiment of the thin- film soldered joint 
according to the invention using a lift-off process. In this 
case, a photoresist layer 2 is patterned, then a bismuth layer 
1 is applied to the photoresist layer 2 (Figure 4A) . After an 
etching step, the result is a patterned bismuth layer 1 on the 
substrate 10 (Figure 4B) . 

[0054] The joining of a patterned bismuth layer 11 of this 
type to a gold layer 23 is illustrated in Figure 5. 
[0055] The thicknesses of the two materials (gold, bismuth) 
are in the range between a few hundred nm and 10 jim, preferably 
around 1-2 |xm. The materials used for the auxiliary process 
engineering layers for etching or lift-off depend, in terms of 
their nature and layer thickness, on the requirements of the 
soldering materials and on the patterning technology employed. 
Gold and bismuth and standard physical coating processes can 
preferably be used for the two soldering partners, and 
photoresist can preferably be used for the lift-off process. 
[0056] Figure 5A diagrammatically depicts a thin-film 
soldered joint 30 with patterned metal layers 11, 23 
immediately before the soldering operation. In this case, the 
bismuth layer 11 is arranged, as first soldering partner, on a 
first substrate 10, and the gold layer 23 is arranged, as 
second solder partner, on a second substrate 20. 
[0057] The bismuth layer 11 includes structures which 
correspond to the structures of the gold layer 23, i.e. it is 
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possible to produce contact between the opposite solder 
partners . 

[0058] Figure 5B diagrammatically depicts the exemplary 
embodiment of the eutectic gold-bismuth thin- film soldered 
joint 30 with patterned metal layers 11, 23 after the eutectic 
has formed. 

[0059] The eutectic thin-film soldered joint 30 according 
to the invention is therefore produced by the joining of the 
bismuth layer 11 and the gold layer 23. After the soldering 
operation, the eutectic is formed between remaining parts of 
unused source material. The result is a sandwich structure. 

[0060] Furthermore, as an alternative it is also possible, 
as in the case of the gold-tin, for the gold to bismuth 
eutectic composition to be preset as a physical mixture by 
using corresponding parameters during the respective physical 
coating method, so that under certain circumstances this 
mixture can be used as a solder layer. 

[0061] Figures 6A and 6B describe the use of the thin-film 
solder according to the invention in the construction of a 
microelectromechanical device . 

[0062] The example used here is a thermoelectric device 
with two complementary n/p wafers 10, 2 0 as substrates; the 
substrates 10, 20 in this case represent the components from 
which the device is assembled. The form and structure of the 
complementary n/p wafers correspond to an exemplary embodiment 
as presented in DE 198 45 104 Al . 

[0063] Figure 6A shows the device prior to soldering using 
a eutectic gold-bismuth thin- film soldered joint. 

[0064] The first substrate 10 is provided with a first 
insulating layer 16, on which a first gold layer 13, as 
bonding electrode, and a first patterned thermoelectric layer 
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14 are arranged. A first bismuth layer 11 is arranged on the 
structure of the first thermoelectric layer 14. 
[0065] A corresponding second gold layer 23 as bonding 
electrode is formed on the second substrate 20. A second 
insulating layer 26 is arranged between the second bonding 
electrode 23 and the second substrate 20. 

[0066] Analogously to the first substrate 10, the second 
substrate 20 has a second patterned layer of thermoelectric 
material 24 , on which a second bismuth layer 21 is arranged. 
[0067] The overall result is a thermoelectric device A with 
a sandwich structure which can be used, for example, as a 
Peltier cooler. Figure 6B shows the two substrates 10, 20 
after they have been joined together. Thin-film soldered 
joints 30 between bismuth layers 11, 21 and gold layers 13, 23 
are formed at four locations. 

[0068] Figures 6A and 6B show the metal layer arrangement 
for carrying out the eutectic soldering. Further metal layers 
which may be necessary under certain circumstances for layer 
bonding and/or diffusion barriers are not shown here. 
[0069] The metal layer arrangement which is predetermined 
in Figures 6A and 6B, with gold 13, 23 on the substrate 10, 20 
and bismuth 11, 21 on the functional thermoelectric layer 14, 
24 may also be used in an inverse arrangement, i.e. with the 
bismuth and gold layers swapped over. 

[0070] In a refinement of the exemplary embodiment shown in 
Figures 6A, 6B, and 7 diagrammatically depicts an exemplary 
embodiment relating to the use of the thin- film solder 
according to the invention without electrical functionality. 
[0071] The device A shown in Figure 6B is illustrated as 
the lower part of Figure 7. An upper component B is then 
joined to the device A, so that a new device is formed from 
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the components A, B. For a description of the individual 
layers of what is now the new component A, reference may be 
made to the description provided in connection with Figures 6A 
and 6B. 

[0072] The component A in its entirety (Peltier element, 
thermoelectric element) can be used as a cooling device for a 
laser diode 41, 42. In this case, the thin-film solder 
according to the invention is used to bond on the laser chips 
41, 42 and, at the same time, for one of the electrical 
connections of the laser which has been bonded on; it is 
likewise possible for both the possible layer sequences for 
the solder metals to be used for this purpose. This exploits 
both the internal bonding quality of the eutectic compound, 
the good thermal coupling to the Peltier heat sink, and the 
electrical functionality. This is an example of the use of 
the thin- film solder in submount technologies. In this case, 
one of the substrates 10 of the Peltier cooler is used on both 
sides . 

[0073] A bismuth contact 31 and a gold contact 33 are 
arranged on the top side of the first substrate 10 and can 
each be joined to laser diodes 41, 42. The first laser diode 
41 is provided with a third gold layer 33, which is 
complementary to the bismuth contact 31. The second laser 
diode 42 is provided with a third bismuth layer 34, which is 
complementary to the gold contact 33 . 

[0074] Starting from the component A shown in Figure 6B, 
Figure 8 describes two further embodiments. In this case, the 
eutectic thin-film solder is used as bonding contact without 
electrical functionality, specifically to receive thermally 
coupled fluidic cells 50 and/or to receive an interdigitated 
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capacitor structure (IDC structure) for humidity measurement 
60. 

[0075] The component A shown in Figure 6B is arranged in 
the lower part of Figure 8; component A in this case serves as 
a Peltier cooler. 

[0076] In this case, the thin-film solder according to the 
invention is used to bond on a fluidic cell and/or a 
capacitive humidity sensor; it is likewise possible for both 
the possible layer sequences for the solder metals to be used 
for this purpose. 

[0077] The IDC structure 60 is tilted into the plane of the 
drawing, so that it can be seen more clearly. This example 
diagrammatical ly depicts the use of the solder according to 
the invention for the thermostating of a fluidic cell 50 on a 
Peltier cooler. In this context, use is made both of the 
internal bonding quality of the eutectic compound and also of 
the good thermal coupling to the Peltier heat sink. In this 
case, there is no electrical usage of the soldered joint. 
[0078] In a refinement of the exemplary embodiment shown in 
Figure 7, Figure 9 diagrammatically depicts the simultaneous 
use of the thin-film solder with and without electrical 
functionality. The first component A corresponds to the item 
illustrated in Figure 6B. A second component, namely a laser 
diode circuit 41, 42 as shown in Figure 7, is arranged above 
the component A. 

[0079] In accordance with the embodiment shown in Figure 9, 
to further the embodiment shown in Figure 7, the solder is 
used to bond on heat sinks 70 (third component C) , in which 
context it is likewise possible to use both the possible layer 
sequences, cf . Figure 9, for the solder metals. 
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[0080] The heat sink 70 may comprise a (100) 
anisotropically KOH-etched Si wafer. In this application 
example, both the internal bonding quality of the eutectic 
compound and the good thermal coupling to the Peltier heat 
sink are utilized. There is no electrical utilization in this 
context . 

[0081] The implementation of the invention is not 
restricted to the preferred exemplary embodiments which have 
been outlined above. Rather, numerous variants which make use 
of the thin- film solder according to the invention, the 
component or device according to the invention and the process 
according to the invention even in implementations of 
fundamentally different type, are also conceivable. 
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